Background: Periprosthetic bone loss after total hip arthroplasty (THA) increases the risk of serious post-operative complications. Previous studies have reported the beneficial effect of risedronate therapy to improve periprosthetic bone mineral density (BMD) around new implants. The current study is to evaluate the effect of risedronate treatment in enhancing mature well fixed THA implants one year or more after implantation.
Background
The most profound and dynamic changes in periprosthetic bone mineral density (BMD) have been observed in the first 6 to 12 months following total hip arthroplasty (THA). This early bone loss may have latent implications in implant loosening and mechanical failure as well as an increased risk of fracture due to general bone weakness. [1, 2] Periprosthetic bone remodeling is a complex, multifunctional process caused by stress shielding and wear-induced osteolysis, among other factors. Stress shielding is regional and reproducible around the proximal femur. The reduction in weight-bearing stress leads to a significantly higher incidence of bone resorption, most prominently in Gruen zone 7, both in the early and late stages of recovery following THA. [3, 4] Femoral stems have been developed and engineered to reduce bone resorption in the proximal part and enhance the long-term survival of the implant through specific design modifications. [5, 6, 7] In spite of these changes, osteolysis resulting from byproducts of wear is not a regional or design-specific process and may present a continuing concern. [8, 9, 10, 11, 12] In a typical osteoarthritic patient undergoing THA, the greatest bone loss from implants of wear and stress shielding occurs during the first 3-6 months post-surgery. The altered load conduction in the femoral bone, however, continues to cause periprosthetic bone resorption in the proximal femur well beyond 6 months. The effects of implanted byproducts of wear due to incomplete implant osteointegration and fixation are key factors impacting further periprosthetic bone remodeling. [1, 13] Several therapeutic options such as calcium and vitamin D supplements, oestrogen receptor agonists, parathyroid hormone (PTH), and calcitonin have been suggested to reduce the severity and duration of periprosthetic bone resorption as well as early remodeling post-THA by enhancing bone mineral density (BMD) systemically and bone tissues around the prosthesis. [2] Recently, bisphosphonates have emerged as an alternative to anti-osteoporosis treatments by increasing BMD. [14, 15, 16] Bisphosphonates are widely used in the treatment of Paget's disease, hypercalcemia of malignancy, corticosteroid induced osteopenia, and post-menopausal osteoporosis. [17, 18] They have also been indicated in the treatment of fibrous dysplasia, osteogenesis imperfecta, osteoarthritis, and rheumatoid arthritis. Bisphosphonate treatment has recently been incorporated in the management of periprosthetic bone remodeling. Several studies have investigated the benefits of bisphosphonate therapy in the first 6 to 12 months following surgery, while bone resorption is most dramatic. However, clinical evidence suggests that the short-term gains of bisphosphonate therapy may not be sustained in the long term or reversed once they have occurred. [17, 19, 20, 21] Although the benefits of risedronate administration on enhancing periprosthetic BMD have been observed in the first year post-THA, currently, there is no evidence to show that the risedronate therapy may reverse the delayed periprosthetic bone loss occurring after the initial post-operative year. We hypothesized that oral risedronate may augment or prevent bone loss in well osteointegrated patients following THA, just as it has been demonstrated in recent postoperative THA patients. [2, 5, 17] To test our hypothesis, we designed a randomized, double-blinded clinical trial to observe the effects of risedronate therapy on periprosthetic BMD in the period of 1 to 10 years after surgery. We also monitored the systemic effects of risedronate treatment such as gastrointestinal intolerance, myalgias, or joint pain, in order to observe any adverse effects in this cohort of patients potentially resulting from long-term bisphosphonate administration. The primary endpoint of this pilot study was to evaluate the effects of risedronate prospectively on a group of patients one year or more after THA compared to a control cohort receiving no study medication. Secondary endpoints would include adverse events or medication intolerance.
Patients and Methods
A total of 32 osteoarthritic patients received total hip replacement surgeries were enrolled from the primary investigator's clinical practice between February and September 2007. All eligible patients who met the inclusion criteria underwent total hip arthroplasty for reasons other than low traumatic hip fracture due to osteoporosis with normal or osteopenic lumbar spine BMD scores. Recruited subjects were of the ages 30 -80 (Mean age: 71.24, Range: 37, 10 Female, 22 Male) and able to understand and tolerate instructions for taking risedronate (Actonel, Proctor & Gamble Pharmaceuticals, Cincinnati, Ohio). Average BMI was 32 with gender distribution of 22 males and 10 females. No difference was found in demographics between groups with regards to age, BMI, or sex. Exclusion criteria included a history of prosthetic hip infection, retained hardware in the hip region, previous fracture induced-femur deformity, cancer, thyroid disease, debilitating psychiatric disease, alcohol dependence or substance abuse, coagulation disorders, or hepatic disorders. Subjects who had recently taken parathyroid hormone, bisphosphonates, estrogen receptor modulators, fluorides, calcitonin, calcitrol, corticosteroids, or any other osteoactive drugs were also excluded from this study. While tight entry level BMD's may identify at-risk or causal factors for higher incidence of post traumatic fractures, we felt a better representation of a real world variance of fracture incidence would be provided by not restricting patients to have either low or normal BMD. As such, all levels of risk factors would be provide more merit for the efficacy of proactive intervention of bisphosphonates similar to what the original bisphosphonate literatures depicted. [7, 16, 19 ] Therefore, no control over BMD was used to represent a more real world cross section of what a typical trauma practice would see in an emergency room where BMD's are simply unavailable. The study protocol received full approval from Institutional Review Board, Patient Advocacy Council, Inc.
To determine the appropriate sample size of the study, several assumptions were made for the t-test employed to determine significance of the endpoint outcome in addition to a power assessment based on previous density response rates over the study period of one year. A-prior statistics were determined to compute the sample size from published literature. Based on a meta-analysis of bisphosphonate use following total joint arthroplasty that included 5 trials with a total 224 subjects, the baseline BMD standard deviation to mean ratio was chosen to be 14%. [17] The meaningful average BMD difference between the cohorts was selected to be at least 15%.
All enrolled subjects underwent the cementless THA fiber-coated metal taper femoral stem (Zimmer Company, Warsaw, Indiana). Enrolled patients were randomly assigned to either the study group or the control group. Patients and the primary investigator remained blinded throughout the trial. During the 52-week treatment period, subjects in the study group received a weekly dose of 35mg risedronate sodium (Actonel, Procter & Gamble Pharmaceuticals, Cincinnati, Ohio) and a twice-daily dose of 500mg calcium with 200 IU of vitamin D (Caltrate, a total of daily dose of 1000mg calcium with 400 IU of vitamin D). The rationale for the selective dosage of 35 mg weekly of risedronate originates from several previous studies. [22, 23, 24] Patients in the control group were placed on the placebo regimen with a twicedaily 500mg calcium plus 200 IU of vitamin D. The primary investigator gave each patient specific oral and written instruction for taking risedronate and Caltrate to ensure that the calcium did not interfere with the risedronate. Patients returned to the primary investigator's clinic at 6 and 12 months for evaluation. Measurements of BMD of the operative hip and spine, creatinine, NTx, and bone-specific alkaline phosphatase were performed at each follow-up visit in the same manner and location as the initial visit. If a dose failure of greater than 10% of the year's allotment of medication was witnessed, the patient was withdrawn from the study.
At the initial study visit, the baseline BMD measurement of the operative femur and spine were taken by using a dual energy x-ray absorptiometry (DEXA) BMD scanning system (GE Lunar Prodigy Bone Densitometer with enCORE software). In order to measure BMD, two X-ray beams that have differing energy levels, are aimed at the subject's bones. BMD is then determined by subtracting the soft tissue absorption and measuring the absorption of each beam by bone. Creatinine, collagen-type I N-telopeptides (NTx), and bone-specific alkaline phosphatase levels were assayed from blood serum and second morning void urine specimens were collected at the initial visit. [25, 26] These critical biochemical markers were used to show homogeneity between cohorts. All bio-fluid samples were collected and performed at the Department of Laboratory Medicine at the Methodist Hospital, Houston, Texas. Patient demographics, specifically age and months between their surgery and enrollment in the study, were evaluated using Welch's t-test to ensure homogeneity between the study and control groups. Mean periprosthetic BMD in the study and control groups were evaluated using Welch's t-test in each of the seven Gruen zones. The percentage profiles of initial BMD were determined in each zone by dividing the average measured BMD at 6 or 12 months when compared to the average initial BMD value. In order to assess the systemic effects of risedronate therapy, BMD, and t-scores of the lumbar spine and biochemical markers of bone metabolism at 6 and 12 months, specifically levels of collagen-type I N-telopeptides (NTx) and bone-specific alkaline phosphatase, were assessed by using Welch's t-test analysis.
Results
Initially, 66 patients were considered for the study and randomized, but only 32 subjects were eligible for the completion of the study. This was due to the exceedingly tight exclusion criteria of dose administration, bone scan, and follow-up visits to maintain consistency of endpoint sampling. Patients were monitored through a weekly diary that was overseen by the investigative team. If a 10% total deviation was found, the patient was excluded from the study. This guaranteed tight control on timeline changes that may have existed in the study while ensuring that the patients did not result in becoming a placebo rather than the study group. Patient demographics and biochemical assays were used to establish homogeneity between the two groups. The average age of patients upon enrollment in study was 69 years in the control group and 71 years in the study group (p = 0.221). While age stratification was not controlled on entry, it was evaluated post-hoc. Risedronate carries no recommendation of onset institution of therapy guidelines for THR and therefore an unrestricted window of enrollment was intentionally allowed. Primary hip replacements took place between 1 and 10 years prior to enrollment in the study, with an average time-period from surgery to enrollment of 62.7 months in the control group and 76.2 months in the study group (p = 0.625). Finally, initial creatinine, NTx, and bone-specific alkaline phosphatase levels indicated no significant differences between the two groups (p = 0.288, 0.720, 0.254, respectively). Homogeneity in biochemical function was essential to ensure that no other osteoactive condition such as osteoporosis affected the outcome of the study.
No significant difference in periprosthetic BMD was observed between the control and study cohorts for any of the seven regions of interest (Table 1 and Figure 1 ). In zones 2, 3, and 5, both risedronate and the control agents yielded slightly higher, though not statistically significant at six months. In zone 4, the study and control groups yielded similar results. Finally, in zones 1, 6, and 7, the group taking Caltrate alone appeared to yield slightly better BMD, yet statistically insignificant when compared to the risedronate group (Table 1 and Figure 1 ). All the p-values detected are greater than 0.05. In Figures 2 and 3 , the change in percent profiles of BMD over time for each Gruen zone is seen for the control and study groups. Neither group revealed a distinct, consistent pattern.
Mean BMD measurements in the lumbar spines (L-1 to L-4) also show no significant difference between the control and study cohorts (Table 2 ), indicating that risedronate did not produce a significant systemic effect on BMD value in our enrolled groups. BMD of the spine was maintained in both the control and study group with no significant difference between the cohorts in any lumbar region (Table 2). Statistical analysis did not show any significant difference between the two groups at 6 months Biochemical markers indicating bone resorption and turn-over from blood and urine samples were also evaluated to assess the systemic effect of risedronate and control therapy. The results showed that there are no significant differences in levels of collagen-type I N-telopeptides (NTx) or bone-specific alkaline phosphatase between the control and study groups at any point in the study (p=0.09; Figures 2  and 3) . The detailed numbers of values of NTs and bone-specific alkaline phosphatase tested from subjects, as well as p-values are present in Table 2 . 
Discussion
This study investigated the potential benefits of bisphosphonate therapy for delayed periprosthetic bone remodeling and hypothesized that risedronate treatment would significantly reduce long-term bone loss in patients following THA. Previous studies have reported that bisphosphonate therapy reduced the dramatic loss in bone mineral density in the six months immediately following surgery, as well as potentially reducing the risk of post-operative fractures and implant loosening in the short-term. [3] The long-term sustainability of these benefits, however, has not been explored since wear-induced osteolysis appears to be related to a group of key factors not necessarily related to osteoporosis. These factors include the mevalonate pathway induced by osteoclastic stimulation; the differentiation of macrophages into osteoclastic bone reabsorbing cells with the involvement of macrophage colony stimulating factor (M-CSF), tumor necrosis factor-α, interleukin-Iβ, prostaglandin E2 (PGE2), synovial parathyroid hormone (PTH) and nuclear factor-κβ ligand (RANKL). [8, 11, 12, 27] Any of these alone may be responsible for the destructive pathway inducing osteolysis around an implant and leading to loosening and other post-surgical complications. [9, 10, 17, 28] Risedronate, a synthetic analogue of pyrophosphate, is one of the clinically available bisphosphonates binding to hydroxyapatite crystals in the mineralized bone matrix to prevent the degradation of pyrophosphatase through its influence on the mevalonate pathway. It has been tested in the treatment of Paget's disease, heterotopic ossification, hypercalcaemia, and postmenopausal osteoporosis. [24] In a long term multi-center study, risedronate significantly reduced the risk of hip fracture among elderly female subjects. This was additionally shown to increase the BMD level as early as 6 months despite the extent of osteoporosis. [29] Several previous studies on bisphosphonate application for preventing bone loss reported that the administration of medication began immediately after surgery. Bhandari's group reported that cementless THAs can achieve greater gains from early bisphosphonate therapy than cemented THAs.
[17] The outcome differences in cemented and uncemented THA have been well documented in another study less than one year after implantation with improvement in BMD suggesting again the anabolic effects on density are time limited. [30] With various numbers of enrolled subjects and different hip implants, other groups have definitely shown that an early treatment of bisphosphonate works well in preventing bone loss. [23, 24, 30, 31, 32, 33] Those studies strongly suggest that oral bisphosphonate treatment may be one of the effective therapeutic options to improve bone strength in patients at an early administration following THA. They cannot however conclude effectiveness in the late administration following THA. [32, 33] In our study, patients represent a wide window of latent post-operative time frames consistent with a typical total joint practice where patients may develop loss at varying times after the initial implantation stabilization period of one year. Though late intervention may first seem unimportant, our results show that while other investigators show improvement earlier, late treatment will not be effective in preventing bone loss. Although the study was not powered to determine when the window opportunity ceases; it is clear that treatment after a year has elapsed will not help. As such, this study cannot make any conclusions other than late treatment will not reverse years of encapsulated established osteolysis after THR.
This compares to other work showing that the most dramatic changes in periprosthetic BMD are observed within the first 6 months. It may be reasonable to conclude that any of the years following the initial 6-12 months of implantation will present similar patterns of bone loss in the femur as in the vertebral region. [1, 17, 29, 30, 31, 34] Our results show that the risedronate treatment did not significantly improve the value of BMD in Gruen zones around the hip stem. Once the most dramatic changes in bone density subside and optimal window of therapeutic opportunity have passed, bisphosphonates have no effects. This may be due to the absence of the systemic rather than a regional mechanical or metabolic process. Given this scenario, bisphosphonates do not appear to reverse or suppress the local regional osteoporotic condition of a resorbing implant even though they work effectively in the global diseases state of an osteoporotic patient.
This study has several study limitations in this prospective pilot trial. The study is a small sample with tightly controlled medication and lab value time lines. The strict control of medication compliance in patients excluded virtually half of the enrolled patients. However, this tight control group validates strict adherence to dosimetry as well as the importance of early intervention. There is no stratification for new THR (< 5 years) versus older aging THA with more mechanical wear debris potentially creating osteolysis. We investigated implant age related to response to treatment in the study cohort and found no trends. While not powered to detect this, more research in this group should reveal a more distinct time for optimal to suboptimal treatment efficacy.
It has been accepted that stress shielding, byproducts of wear, and proximal periprosthetic bone loss lead to complications such as fracture or implant failure and reduce the quality of bone around the stem essential in revision surgeries. Furthermore, we performed a bioassay of two critical serum biomedical markers of bone resorption, N-telopeptides of Type I collagen (NTx) and bone-specific alkaline phosphatase. The results indicate that risedronate therapy does not have an impact on these two bone remodeling-related molecules in our investigative setting (Table 3 ; Figures 2-3) . This supports the premise that there was no significant change in the metabolic osteoporotic systemic state. More prosthetic resorptive loss is not enough to trigger therapeutic effects from bisphosphonates. The p value of 0.09 for alkaline phosphatase may suggest more patients could eventually power a significant change in bone resorption response. However, this effect was very weak and not seen in the other marker or BMD which may not represent an adequate dose response to justify an extension study.
Conclusion
Our data demonstrates that risedronate treatment instituted in a latent setting of a fully ingrown THA provides no significant beneficial effects on periprosthetic or systemic BMD values when administered after the first postoperative year. While we cannot make conclusions on timing of earlier interventions, it suggests there may be a window of opportunity where intervention may retard loss. However, once the osteo-resorption is underway, treatments with bisphosphonates will not arrest or suspend the catabolic process. The lack of evidence supporting a long-term implemented therapy of combined risedronate with calcium suggests that novel therapeutic strategies should be developed to preserve periprosthetic BMD sustainably following total hip arthroplasty. This study shows that bisphosphonate treatment to enhance bone density is not effective in reversing osteolysis once bone loss is radiographically detected one year or more after implantation has occurred. 
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